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ABSTRACT: The impact of molecular structure on ion dynamics and
morphology in ammonium- and imidazolium-based glassy polymerized
ionic liquids (polyILs) is investigated using broadband dielectric spectros-
copy (BDS), wide-angle X-ray scattering (WAXS), and classical molecular
dynamics (MD) simulations. It is shown that ammonium-based polyILs
exhibit higher dc ionic conductivity at their respective glass transition
temperatures (Tg) compared to imidazolium systems. In addition, the
length of the alkyl spacer has a more drastic impact on ionic conductivity at
comparable time scales of segmental dynamics for ammonium than
imidazolium polyILs. Agreement between the characteristic ion diffusion
lengths estimated from the dielectric data and the ion-to-ion correlation
lengths from the WAXS and all-atom MD simulations is observed. A
recently proposed approach is employed to determine ionic mobility in a
broad frequency range spanning 5 orders of magnitude below the Tg of polyILs studied, providing access to a regime of
diffusivities that is inaccessible to many current experimental techniques. The ion mobility is found to be more sensitive to
variation of the molecular structure than to the effective number density of the mobile ions. These results showcase the subtle
interplay between molecular structure, morphology, and ion dynamics in polymerized ionic liquids.

■ INTRODUCTION

Polymerized ionic liquids (polyILs) are a class of materials that
combine the robust mechanical properties of polymers with
the low flammability, low vapor pressure, and high ionic
conductivity of ionic liquids (ILs).1−10 These materials are
under investigation as promising polymer electrolytes for
various energy technologies such as lithium ion batteries,
supercapacitors, actuators, field effect transistors, and electro-
chromic devices, among others.11−16 However, the ionic
conductivities of polyILs are far lower than the 10 mS/cm
typically required in many practical applications. In polyILs,
one type of ion is covalently attached to the side chain or
backbone of the polymer chain while the counterion remains
free. Recent experimental and computational studies have
indicated that the untethered counterion is the dominant
charge carrier in glassy polyILs.15,17−23 It is envisaged that the
key to unlocking high ionic conductivity in polyILs lies in a
strategic design of chemical structures and morphologies,
which permit fast, long-range counterion diffusion, while
retaining the beneficial mechanical characteristics of the
polymeric matrices.24−31 However, fundamental understanding
of the interplay among the chemical structure, morphology,
dynamics, and ion transport in polyILs is still lacking.

Furthermore, experimental techniques capable of directly
probing long-range diffusion in glassy polyILs are scarce.
There are ongoing scientific efforts to understand the main

parameters that control ion transport in polyILs Several ideas
have been suggested for improving ion diffusion, for instance,
by increasing the spacing between adjacent polymer backbones
as well as tuning the cation placement position with respect to
the polymer chain.17,32−34 These studies have focused on
imidazolium-based polyILs. The influence of the cation
chemistry across different classes of polyILs has not been
systematically investigated, especially at temperatures below
the calorimetric glass transition temperatures, Tg, where the
polymer segmental dynamics are slowed to the extent that ion
motion is primarily dominated by the nontethered counterion.
It is well established from studies of low molecular weight ionic
liquids that variation of cation chemistry has a drastic impact
on ionic conductivity.35−38 It is worth noting that ion diffusion
in low molecular weight ionic liquids can be measured in a
fairly straightforward way using techniques such as nuclear
magnetic resonance spectroscopy (NMR). However, in

Received: June 14, 2018
Revised: December 11, 2018
Published: December 18, 2018

Article

pubs.acs.org/MacromoleculesCite This: Macromolecules 2019, 52, 88−95

© 2018 American Chemical Society 88 DOI: 10.1021/acs.macromol.8b01273
Macromolecules 2019, 52, 88−95

D
ow

nl
oa

de
d 

vi
a 

U
N

IV
 O

F 
TE

N
N

ES
SE

E 
K

N
O

X
V

IL
LE

 o
n 

Ja
nu

ar
y 

8,
 2

01
9 

at
 2

1:
55

:2
2 

(U
TC

). 
Se

e 
ht

tp
s:

//p
ub

s.a
cs

.o
rg

/s
ha

rin
gg

ui
de

lin
es

 fo
r o

pt
io

ns
 o

n 
ho

w
 to

 le
gi

tim
at

el
y 

sh
ar

e 
pu

bl
is

he
d 

ar
tic

le
s. 

pubs.acs.org/Macromolecules
http://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.macromol.8b01273
http://dx.doi.org/10.1021/acs.macromol.8b01273


polymerized ionic liquid systems, ion dynamics are much
slower at temperatures of practical interest (around and below
Tg) and cannot easily be measured by the standard NMR
techniques due to low signal levels. Therefore, an open
fundamental question is the role of the cation chemistry on the
diffusion of ions in polyILs and how to experimentally probe
ion mobilities in the glassy state.
In the current article, the impact of varying the type of

polycation and the length of the alkyl functional group on ion
dynamics and morphology in polyILs is investigated using
BDS, wide-angle X-ray scattering (WAXS), and classical
molecular dynamics (MD) simulations. Ammonium-based
polyILs exhibit an emergence of long-range ordering of the
polymer chains with increasing alkyl functional group length.
This corresponds to a drastic decrease in ionic mobility and
conductivity and an increase in the activation energy associated
with ion diffusion. It is found that the Tg-independent ionic
conductivity σ0(Tg/T = 1) of ammonium polyILs is higher by
as much as 2 orders of magnitude compared to imidazolium
systems. This is attributed to lower ion mobility in
imidazolium polyILs due to additional restrictions of the
preferred cation−anion interaction configurations. In addition,
a comparison of data from the literature shows that variation of
the location of the polycation relative to the polymer backbone
in the vicinity of the backbone does not play a strong role for
Tg-independent ionic conductivity in imidazolium polyILs
even though it substantially alters their Tg.

31,32 The finding that
the nature of the cation plays a more significant role in
governing ion transport than the location of the cation relative
to the backbone has immediate implications on the strategic
design of the chemical structure of polyILs.

■ MATERIALS AND METHODS
Experimental Studies. The ammonium-based polymerized ionic

liquids were polymerized according to a procedure reported in ref 39.
Poly(1-vinyl-3-ethylimidazolium) bis(trifluoromethylsulfonyl)imide
samples were polymerized according to the procedure described in
Sangoro et al.2 Glass transition temperatures and structural relaxation
of the polyIL were measured using a TA Instruments Q1000
temperature-modulated differential scanning calorimeter. The calori-
metric glass transition temperature conventionally corresponds to the
temperature at which the structural relaxation occurs at a temperature
modulation period of 100 s. The dielectric measurements were
conducted using a Novocontrol High-Resolution Alpha Dielectric
Analyzer (Novocontrol Technologies GmbH) over a frequency range
of 10−1−107 Hz and a temperature range of 240−400 K, with an
accuracy better than ±0.1 K. The samples were annealed in an oil-free
vacuum at 30 K above their respective glass transition temperatures
for 24 h. Then, the samples were pressed into 100 μm disks using a
Specac Mini-Film Maker. Silica spacer rods with 100 μm diameter
were included during the hot-pressing procedure to ensure uniform
sample thickness during the dielectric measurements. Wide-angle X-
ray scattering measurements were conducted on a SAXSLab Ganesha
instrument at the Shared Materials Instrument Facility at Duke
University. The samples were prepared using the same procedure as
for BDS experiments and measured on the thin film stage under
vacuum for 10 min at a count rate of 25 Mph/s.
Molecular Dynamics Simulations. The simulated systems of

ammonium polyILs each consist of 10 40-mer polycations and 400
Tf2N anions. All MD simulations were performed with the
GROMACS package40 using the general AMBER force field all-
atom parameters following an established procedure.40−43 A Bussi
stochastic thermostat was used to control temperature,44 while a
Berendsen barostat and a Parrinello−Rahman barostat were used to
control pressure.45 NVT ensemble simulations were performed at the
desired density estimated by NPT ensemble simulations at 1 atm and

400 K. The system was equilibrated for at least 50 ns, and trajectories
of 50 ns were collected for structural analysis. Three independent runs
were performed.

Both the direct and Fourier transform methods can be applied to
calculate the structure factors of the polyILs.18 Here, the partial
structure factors are estimated by the Fourier transformation of the
radial distribution function g(r):

∫δ ρ π= + [ − ]αβ α αβ α β αβS q x x x r g r
qr
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cutoff ripple artifact.46,47 Partial structure factors were weighted with
the atomic form factors leading to the total X-ray structure factor:
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where fα(q) represents the X-ray atomic form factor of α and can be
approximated with a series of Gaussian functions of q over the range
of (0, 25) Å−1 according to
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The tabulated coefficients ai, bi, and c are reported in Table 6.1.1.4 of
the International Tables for Crystallography.48 For neutron scattering,
fα(q) is replaced with the neutron scattering lengths, bα: −3.739,
5.803, 6.646, 9.36, 5.654, 6.671, and 2.847 fm for hydrogen, oxygen,
carbon, nitrogen, fluorine, deuterium, and sulfur, respectively. Hence,
the total neutron structure factor is

∑ ∑=
∑α α α β

α β αβS q
x b

b b S q( )
1

( )n

a

n n

2
(4)

■ RESULTS AND DISCUSSION
The long-range ion diffusion in amorphous polymerized ionic
liquids below Tg, where the polymer dynamics occurs at longer
time scales compared to the experimentally accessible window,
can be approximated by the random barrier model (RBM).
This model assumes that the motion of the charge carriers
takes place through hopping in a spatially randomly varying
energy landscape.49 The dielectric spectra of poly(2-trimethyl-
ammoniumethyl) methacrylate bis(trifluoromethylsulfonyl)-
imide are presented in Figure 1 in terms of the real and
imaginary parts of complex dielectric function, ε*, and complex
conductivity, σ*. The spectra are well described by a
combination of the RBM and Havriliak−Negami (HN) fitting
functions:50,51

σ ω
σ ωε ε

ωε ε* =
+

+
Δ

+
+

ω
ω

ω
ω

ω
ω

β γ ∞
σ

σ

i
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0
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where ωσ, σ0, ε0, Δε, ε∞, and ωHN denote the radial frequency
characterizing the onset of long-range ion diffusion and the
resulting frequency-independent dc ionic conductivity, the
permittivity of free space, the dielectric relaxation strength, the
high frequency value of the real part of the dielectric function,
and the HN relaxation rate, respectively. In addition, β and γ
are spectral shape parameters. A successful ion jump inevitably
results in rearrangement of the microscopic environment
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around the ion. The additional polarization arising from
reorientation motion caused by the ion diffusion is accounted
for by the empirical HN function. Furthermore, the faster
secondary dipolar relaxations are described by an additional
HN function. At sufficiently long time scales the mobile ions
begin to accumulate at the electrodes leading to relaxation-like
features termed electrode polarization, which has been shown
to depend on several factors including sample geometry,
material of electrodes, and bulk transport properties of the
material under study.52−55 Thus, detailed analysis of electrode
polarization is beyond the scope of this study.
Figure 2 presents the dc ionic conductivity, σ0, versus inverse

temperature as well as the Tg-normalized temperature, as
obtained from the random barrier model fits. Increasing alkyl
chain length from methyl to hexyl in the polyammoniums
results in the reduction ionic conductivity at Tg by 2 orders of
magnitude. In contrast, the influence of alkyl chain length on
σ0 of the polyimidazolium is rather weak. The origin of the
discrepancy between alkyl chain length effects in the studied
imidazolium polyILs has been attributed to the influence of
cation placement with respect to the backbone of the polymer
chain.3,9,32 In agreement with this picture, the cation in the

vinylimidazolium is located much closer to the polymer
backbone, and therefore the influence of increasing backbone-
to-backbone spacing has a minimal impact on the Tg-
independent ionic conductivity. However, comparing the Tg-
independent ionic conductivities of imidazolium polyILs
derived from acrylate and vinyl monomers as well as with
the imidazolium contained in the polymer backbone itself
reveals the surprising fact that the position of the imidazolium
cation in the polymer has no apparent effect on the Tg-
independent ionic conductivities near the glass-transition
temperature, in contrast to some recent results.31,32 In systems
where the polycation is spaced sufficiently far from the polymer
backbone, the flexibility of the ionic group with respect to the
polymer chain might ultimately influence the Tg independent
ionic conductivity, causing breakdown of the observed
invariance. Comparing the ammonium- and imidazolium-
based polymerized ionic liquids featuring butyl chains reveals
that the former systems have higher ionic conductivities when
factors such as polymer backbone, alkyl chain length, and
anion are constant (Figure 3). This is in qualitative agreement
with findings for ammonium- and imidazolium-based low
molecular weight ionic liquids.56 In this work, it was concluded
that the σ0 is higher for the ammonium systems due to the
molecular structure of the ammonium cation, which provides a
better shielding of electrostatic interactions with the anion
compared to the imidazolium cation.57

Insight into the origin of the changes in ionic conductivity of
the polyammonium cations may be obtained by analyzing the
ion dynamics below Tg, where the anion motion is not aided
by polymer segmental dynamics. The temperature dependence
of σ0 transitions from a Vogel−Fulcher−Tammann (VFT) to
Arrhenius behavior when the material is cooled to the glassy
state.2,34,51,58 This behavior is characteristic for many ion
conducting glass-formers, since ion diffusion is assisted by
structural relaxations above the glass transition temperature,
while ionic conductivity below the glass transition is
dominated solely by the untethered counterion diffu-
sion.2,59−62 The activation energy governing the anion motion,
Ea, below Tg, can be obtained from the temperature
dependence of ionic conductivity using the Arrhenius equation
σ σ= ∞

−e E k T
0

/a B , where σ∞ is a pre-exponential factor and kB is
the Boltzmann constant. The values of activation energy thus
obtained are presented in the Supporting Information (Figure
S1 and Table S1). Ea increases from 75 to 114 kJ mol−1 with
increasing alkyl chain length for the ammonium-based polyILs

Figure 1. Real and imaginary part of the complex dielectric function,
ε*(ω) = ε′(ω) − iε″(ω), and complex conductivity function, σ*(ω)
= σ′(ω) + iσ″(ω), for poly(2-trimethylammoniumethyl) methacrylate
bis(trifluoromethylsulfonyl)imide. Solid lines are fits to the real and
imaginary parts of complex conductivity using a combination of the
analytical approximation of the RBM and two Havriliak−Negami
functions. Fit parameters are tabulated in the Supporting Information.
In this work, the error bars are smaller than the size of the symbols,
unless otherwise indicated.

Figure 2. Plots of dc ionic conductivity versus inverse temperature and Tg-independent ionic conductivity for ammonium (stars) and imidazolium
(open circles) based polymerized ionic liquids. Solid lines indicate Arrhenius fits of ionic conductivity below Tg to determine the activation energy
associated with ion transport. The red dashed line indicates Tg = T.
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but remains a constant 105 ± 2 kJ mol−1 for the imidazolium
systems. It is worth noting that the values of Ea obtained from
σ0 and ωσ are practically equivalent (Figure S1 and Table S1).
The change in Ea for the polyammonium systems indicates a
potential change in the ion transport mechanism with
increasing alkyl chain length. The energy barrier determining
ion diffusion in the glassy state can be approximately related to

the mean diffusion distance by the equation63,64 = λ υE m
a 2

2
0
2

anion

where λ is the characteristic mean diffusion length, υ0 is the
attempt frequency, and manion is the molar mass of the anion.
The attempt frequencies for ion conducting materials are
typically around 1012 Hz.65 An attempt frequency of 1.0 × 1012

Hz yields a characteristic diffusion length of 7 Å for the
polyimidazoliums. This distance is in good agreement with the
ion−ion correlation distance obtained via X-ray measurements
and molecular dynamics simulations.18,64 In contrast, the
average distance separating anions in neighboring chains,
which corresponds to the backbone-to-backbone correlation
distance, ranges from 15 to 20 Å at these alkyl chain lengths.
Utilizing the same attempt frequency for the ammonium
systems yields a mean jump length of only 6 Å, which increases
to 7.3 Å when the alkyl chain length increases to hexyl as seen
in the inset in Figure 4. These values are much longer than
mean ion jump lengths found for low molecular weight ILs,
and the two cannot not be regarded as identical physical
quantities.

To check the validity of the calculated lengths, wide-angle X-
ray scattering (WAXS) measurements and corresponding
atomistic molecular dynamics simulations were carried out.
Figure 4 shows WAXS spectra of the ammonium-based polyIL.
Based on previous data for poly(methyl methacrylate) and
imidazolium-based polyILs, the peaks were found to
correspond to the pendant group correlation distance, qp, the
ion-to-ion correlation lengths, qi, and the backbone-to-
backbone spacing, qb.

17,66,67 PolyILs with butyl and hexyl
pendant groups show signatures of long-range order
corresponding to qb. However, this peak is not observed in
methyl and ethyl samples. This is not because there is an
absence of order in the backbone packing in these short side-
chain samples, but rather a result of poor contrast to observe
this packing in the X-ray scattering experiments. This picture is
verified by MD simulations that show the neutron scattering
patterns of deuterated analogues which reveal the existence of
peaks corresponding to backbone-to-backbone correlation
distances in the short chain ammonium systems as well.
Figure 5 displays this neutron scattering simulation data for
deuterated and perdeuterated ammonium-based polyILs. In
the neutron scattering simulations, a peak corresponding to the
backbone-to-backbone distances is clearly visible for all
samples studied. Similar simulations have been previously
performed for a series of imidazolium-based samples and
compared to measured neutron scattering data.4 Simulations of
the neutron scattering profiles also reveal an interesting
configuration when comparing the length of the side chain
of the polymer to the backbone-to-backbone distances. For
methyl and ethylammonium polymerized ionic liquids, the
projected side chain length is less than half the distance
between neighboring backbones, indicating no interaction
between side chains of neighboring polymers (inset Figure 5b).
For polyILs with butyl and hexyl pendant groups, however, the
projected side-chain distance exceeds half of the backbone-to-
backbone distance, suggesting the formation of interpolymer
interaction of side chains. We conjecture that this is due to

Figure 3. Tg-independent ionic conductivity for imidazolium-based
polymerized ionic liquids with varying cation position (a)
methacrylate side-chain polyIL with ammonium and imidazolium
cation (b). The red dashed line indicates T = Tg. The magenta and
red data are from published literature.30,32

Figure 4. Experimentally determined wide-angle X-ray scattering
(WAXS) data for ammonium-based polyIL with varying alkyl chain
lengths, showing backbone-to-backbone correlation distances, qb, ion-
to-ion correlation distance, qi, and pendant-to-pendant group
correlation lengths, qp are indicated by solid lines. Dashed lines
show molecular dynamics simulation results of the X-ray spectra. The
inset shows mean characteristic ion diffusion distances calculated from
BDS data (circles) and ion-to-ion correlation distances measured by
WAXS (stars) where correlation distance d = 2π/q.

Macromolecules Article

DOI: 10.1021/acs.macromol.8b01273
Macromolecules 2019, 52, 88−95

91

http://pubs.acs.org/doi/suppl/10.1021/acs.macromol.8b01273/suppl_file/ma8b01273_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.macromol.8b01273/suppl_file/ma8b01273_si_001.pdf
http://dx.doi.org/10.1021/acs.macromol.8b01273


formation of nonpolar regions resulting from aggrregation of
alkyl chains of neighboring pendant groups that can hinder
anion mobility.
The WAXS (see also Figure S2) and neutron scattering

spectra of chain-deuterated and perdeuterated samples from
the molecular dynamics simulations can reproduce the pendant
group, ion-to-ion, and the backbone-to-backbone correlation
distances. For methyl- and ethylammonium-based systems, the
backbone-to-backbone spacing is 15 and 15.3 Å, while the
projected length of the side chain is only 6.2 and 6.8 Å,
respectively. This indicates minimal interaction between
pendant groups of neighboring chains. However, for the
pendant group length of the butyl and hexyl systems, the
length of the projected side chain, 8 and 11 Å, meets or
exceeds the length of half of the backbone-to-backbone
spacing, which is only 16 and 17 Å, respectively. Side chains
of neighboring polyILs with longer alkyl chains are therefore
able to interact and form nonpolar regions between
neighboring chains. This change in local ordering can hinder
the path of the diffusing ions, resulting in higher activation
energies associated with ion diffusion and, hence, lower ionic
conductivity.
The measured ion-to-ion correlation lengths for the

ammonium-based polyIL correspond well with the estimated
characteristic diffusion lengths calculated from the activation
energy of anion diffusion in the glassy state. To a good
approximation, the characteristic diffusion length calculated
from the temperature dependence of σ0 can be assumed to
correspond to the distance between minima of adjacent
potential energy height that determine long-range ion motion.
The energy landscape for a diffusing counterion would exhibit
a minimum when counterion and polyion interact closely.
Therefore, the simplistic picture correlating the characteristic
diffusion length calculated from the dielectric spectra to the
ion−ion correlation length measured via WAXS and obtained
from molecular dynamics simulations could be valid.
A comparison of calculated mean characteristic ion diffusion

distances and measured ion-to-ion correlation lengths is
provided in Table S1. Interpreting ωσ as the inverse of the
characteristic residence time of the mobile ions in the bottom
of the potential wells associated with the energy barriers which
determine long-range diffusion, the Einstein−Smoluchowski
relation can be employed to calculate the effective diffusion
coefficient. Within this framework, the mean diffusion
coefficient is given by D = λ2ωσ/6. In addition, the ion

(charge carrier) mobility is obtained from the Einstein relation.
Figure 6 shows an estimate of the charge carrier mobility, μ,

which is obtained based on the mean diffusion lengths
calculated from BDS data, using the relation50 μ = qλ2ωσ/
6kBT where q is the elementary charge. The effective number
density of charge carriers, n = σ0/qμ, is comparable for
ammonium- and imidazolium-based polyILs in this study.6

While anion mobility values are comparable among the
polyimidazolium systems, the polyammoniums show a
substantial slowing down of anion mobility with increasing
alkyl chain length at the same values of Tg/T (Figure 6). The
differences in the ionic conductivity between the two classes of
polyILs investigated therefore stem primarily from the
disparities in the ion mobility. This is consistent with previous
results for ammonium- and imidazolium-based low molecular
weight ionic liquids, that the σ0 is higher for the ammonium
systems due to the chemical structure of the ammonium
cation, which provides a more effective shielding of the
interactions with the anion compared to the imidazolium
cation.56

These results suggest that the ion chemistry and morphology
in polymerized ionic liquids can result in hindrance of the ion
diffusion paths, for example, by allowing the formation of
restrictive nonpolar regions between polymer chains, causing a
decrease in the ion mobility, and with it a decrease in Tg-
independent ionic conductivity. Furthermore, shorter ion-to-
ion correlation lengths result in lower activation energy of ion

Figure 5. Neutron scattering simulation of deuterated and perdeuterated ammonium-based polymerized ionic liquids with alkyl chain length, R,
ranging from methyl to hexyl shown in (a) for samples with deuterated backbone and perdeuterated side chains. The probability associated with
the distance between backbone to the end of pendant group are shown in (b) for extended and projected distances in solid and dotted lines,
respectively. The distances obtained from (a) and (b) are shown in the inset of (b) as functions of alkyl chain length for the series of polyILs.

Figure 6. Ion mobilities of ammonium (stars) and imidazolium
(circles) based polymerized ionic liquids as a function of Tg-
normalized temperature. The red dashed line marks T = Tg. The inset
shows the calculated number density of charge carriers.
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diffusion below Tg and thus also facilitate ion conduction. The
weak influence of alkyl chain length on conductivity as
reported for imidazolium systems is in accord with the
structural finding that ion-to-ion correlation distances in these
systems are invariant with changing alkyl chain length.17,18,64,68

In addition, the proposed approach to obtain diffusivities
enables experimental determination of ion mobilities in the
glassy state over a broad range spanning over 6 orders of
magnitude. The absolute values of ion mobilities accessible via
the proposed method are too low to be measured by any of the
standard techniques such as field gradient NMR. These
findings provide an important fundamental understanding of
ion transport in polymerized ionic liquids and will be useful in
the strategic design of materials with enhanced ionic
conductivity for solid polymer electrolytic applications.

■ CONCLUSIONS
Ion transport and morphology in a series of ammonium- and
imidazolium-based polymerized ionic liquids are investigated
by BDS, WAXS, and MD simulations. Ammonium-based
polyILs show drastic but systematic changes in their ion
transport properties with increasing alkyl functional group
length, a phenomenon which is practically absent in
imidazolium systems. A recent approach to determine ion
mobility in a broad frequency range spanning over 5 orders of
magnitude below the glass transition temperatures (Tg) of
polymerized ionic liquids is employed.23 Tg-independent ionic
conductivity reveals a strong correlation between alkyl spacer
group length and ion dynamics in the ammonium-based
polymerized ionic liquids, whereas imidazolium systems appear
relatively unaffected. This work demonstrates that the ion
chemistry and local morphology of the polymerized cation play
a more important role than the position of the cation with
respect to the polymer chain. These results showcase the subtle
interplay between molecular structure, morphology, and ion
dynamics in polymerized ionic liquids.
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